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Abslt  act. Wc cmnpalc  VOIUI])C  mixiog ratio profllcs of N20 ,
(“l;(’-l  I , (~};(~-12,  C(:14,  S1’~,,  a n d  IICH in tbc  mid-l atitodc
s~tat~lsl)hclc mcasorcd  b y  IIIC AI’MOS lo~llicr  tlansform
~l~c~ll  C)l)lCtCI” w i t h  in Si(ll ll)Ca SUrCll)Cllls  acqoilcd  at)()~]ld thc

NASA Iii<-2 aircraft during Nov 1994. Good aglccmcot  is
foond bctwccn A1’MOS  and in situ correlations of [CF(l-I 1],
[( ’1( ’-12], and [SF6] with [N20].  A’T’MOS obsclvatioos  of
[( ’(’]4] alc -1s% higl]cr thao the liI{-2 data, but within the
systcl]latic uoccrtaintics.  Al MOS mcasurcmcnts  of [I ICI] vs
[N?(I]  aglcc to within -107. of the J~,lL-2 data fo] [1 ICI] > I
ppbv, bat cxcccd in sits obscrvaticms  for smal]cr  [ 1 1 ( ’ 1 ] .
A’1 h40S mcasurcmcnts  of [(: ION02]  s h o w  lclnalkablc
ap,luctl]cllt  with va]ucs infc] Icd from io situ obscl vations c]f
[(10], [NO], and [03]. ‘1’hc  sum of [11{1]  and [(30N02]
obscl vcd by ATM OS, supplco)cntcrt by a minor contribution
floln 1(:10] e s t i m a t e d  with a photochco~icz!l II~OdCl, i s
consislc]lt with the levels of inol-ganic  chloril)c in fctlcd  from
in situ lncasllrcmcots  of chlorine source .gascs.

lnlloduction

‘1 llc AI’MOS (Atmosphcl ic Tlracc MC)lcculc Spcctloscopy)
};O1]] icl traosform  spcclromctcr uses  solar occultation
mcasu]cmcots  to rtclivc vohmc mixing ratio (VMR) profllcs
o f  IIILIIC than  30 collstitocnts  in l:,arth’s atmosphclc.  l)arin~
the A3 MOS / AI’I. AS-3 (Atmospheric I.abol-story fol
Applications a])d Scic]lcc)  Space Sbut(lc mission  of N o v
1 ()().1, IIt,clvc AI’MOS ~ccl]ll;~liol,s,  occ~)rliog  hctm,~-ca  fl al)d 9
N,,i ]994,  ,I,rCl C ]]ca,.coi])~i(tc]]t wit}, t})c l~]id.]alil(ldc (30-51”

N) scp,IIIcnfs of the 2 and 4 Nov flights of the NASA lil/-2
aitc]  aft doling  AS I101{ / MA1l SA ( A i r b o r n e  South cI II
I Iclllisphclc  Oyonc }Lxpc[ imcot / h~casurcmcnts fol Assessing
tl)c I;. ffccts o f  Stratosl,hclic  Aircraf[).  Cballg ct a l .  11996]
discuss more folly the gcoglaphic  coincidence of tbc
obsclvatiol)s,  colllp:i]c vcltica]  piofllcs o f  [N20], al!d
ciclnollstl a t c  good aglccmcl)t  fol- conclations  of  Iong-livc(i
haccls  [03], [NOY], [1 120], and [(l 14] with [N20] obsct-vcd flom
the two platforms (throughout, [] rtcootcs VMI<), This paper
ptcscots  cortclatic)ns of [(FC-1  1], [( Y’(:-12], [((1~], [SF~],
and [1 1( ’1] with [N20] measured from ATMOS  aod the 111{-2,
and crrlnpalcs  measurements of inorganic cblrrrioc spccics
with rcsolts of photocbcmical  model simulations.

All comparisons in this stody arc prcscotcd  as corlclations
with Ihc long-lived tracer N20  to account for the dynamical
histol-ics crf diffcrcot air masses. For the 111{-2  flight scgmctlls
comictcrcd bet-c, [N20] mcasorcd by All AS (Airboroc I’mablc

l:iscr Absmption Spcctlomctct)  [1.ocwcnstcia cl al , 19S9]  arc
Ialgcly within 10/. of those observed by ACAI’S-IV (Aill>r,ll)c
(llr[~tll:it{)gr:l[~ll  for Atmosphclic  ‘1 fticc Spccics) [Jilki!]s  cl al.,
1995].  flccausc of the higher sall~pling  rate, the A’I 1.AS data
fol [N20] ale used for all the 1.1<-?  coliclations  prcsctltcd IICI c.
Version 2 Al h40S data arc uscci throughout.

llido~cll  source Gases

Al h40S measures  VMRS of (: F(:-I  1 (C:(:t31), (’FL’- 12
(((:1212), 11(:}’(:-22  ( 0 1 (  ’ 1 1 2 ) ,  (’113(:1,  atld C:(14$  Whic}l
togctl)cl constitute -SOY. o f  lolal  troposphctlc  orp,anic
chlorine [7,andcr  ct a l . , 1996]. I’hc A(:A”I’S-l V f;:lS
chrolnatogr:iph oo tbc 10{-’2  mcasotcs  Cl(-l 1, (Y’(~-12, (lC-
113 (( ’[ ’121 -(:[:1}’2), (:113 (:(’1~, ~C:14, and llalom 121 I
((llr(’112), which likewise compjisc -80%  of tlopos~)llcric
chlminc.  Ilalogcoatcd  gases a~c tilc:isu[cd by ACA’I’S.  IV with
plccisiol)s  a n d  acculacics o f  b e l t e r  t}lao 1 0 / 0  and ?O / O

rcspcctlvely,  a t  intc]vals  o f  3 nlin, cxccpt  S1:C,,  w}Ii~I1  i s
mcasu Icd every 6 mio, ACAI S-l\’  is calibra[cd ml (IIC ~t[~uttd
ap,ait]s( tl)c same standards used III the Nlaticmal Occ:illie :il)d
Atmospbcrlc  Administration / (limatc h40nitoling  and
l)iagoostic  laboratory network of ttoposl,bcric  measuring
stations [Iilkins ct al., 1993], and is calib]atcd  il~ ffigbt by
rutlllillg a sample of air with mixing r:itios I]car sltatosphcric
Icvcls cvcly 4 alnbicnt samples, 0] I S to 30 Inin.

Optical bancipass flltcrs,  used to improve the si~,llal-to-
noisc l~itio (SNK) o f  mcasolcd  spcc[la,  dctcll]linc  tllc SC( o f
sl)ccics I])casutc(l io each A“l MOS occultation [Ci NIISOII  c1 al.,
1996]. All spccics cxalnincd in tbls paper, cxccpt fm 1 I(’I aIKl
N20,  arc dc(cc(cd usiog Il:ittsitioms  below 1000 cl])-’, Whctc
sl)cctra froo~ Filter 9 (625-2450 CI1)-]) cxllibit dcgladcd  SNR
coll]p:ircd }vith tljosc ft-om Filtcl 12  (625-1400  CII] l). ‘1 his
pt-oblcm was pal(iculally  not iceable  dutitig  the A-l 1.AS-3
nlissioa  (dot to tllc instlamcnlal  gait) sct(ings)  and :idvcrscly
ilnpacts  VMRS  rcllicvcd  ill l;il~cr 9 osirlg a  s ingle  spectra l
u’indow below I 000 CO)- [ , Sllch as C:FC-I  1, (:} T-12, Ulr,
(’ 1 0 N  02, a o d  S1[,.  F o r  t h e s e  spccics,  only 1 iltcr  12
mcasurcmcots  arc considcrc.d ill the present paper. CJascs
mcasu!cd  in Filter 9 based on fittiog either fcatorcs  at hi@cr
wavcnumbcrs  or an cnscmb]c of spectral wiodows (e. g., 03,
N 20, (’114, 1120, NO, N02) arc urmffcctcd by these diffrcultics.

Figure 1 a illustrates the aglccmcnt  of ATMOS and lil<-2
Imasorcmcnts  of [C};{:- I 1 ] with [N20].  I’hc horizontal axis
co~rc.spends to altitodcs  from the upper ttoposphmc  to --30
km. A’I’MOS measures [C%(:- 11 ] with estimated lcr prccisions
(rat~dom errors) of better than 5% anti an accuracy (systematic



lIIICCI  taitl(y) Of 1 l%, [tl!(l dclccts  [Nzo]  witl) lrr I)lccisiotls aticl
acculacics  of S“/i cac]i. A’I’MOS makes cl ptio)  J estimates o f
pI ccision during cmb VMR Ictricval  from comidcrations  SOCII
:1 !, lcsidual errors  io tbc fitting  of spcctta; s y s t e m a t i c
ol)cctlfiintics  atc dctmmincd  b y  ccrolbining tll~ccttail~tics it]
IIIC spcctloscopie  band i n t e n s i t i e s  [Ill-own  et al, 1 990] with
tllosc related to tbc tangent plcssorc  assignment. More details
011 A’I’MOS accuracies and prccisions  arc prcscntcci i!) Ahrams
CI al. [ 1996].  Tbc mean cfiffermcc in [0:(:-1 1] measured by
A’I’MOS  and the 1:1<-2 is -14!4. (-l 11  pptv of[(:1:~-11 ] at [N20] ‘
3(}o ppbv),  WCII within the uoccrtaioties  of lhc lllcasorcll~cots,
with no apparcot dcpcndcnce  on [N20]  (throughout, 0/0 biases
iil~ coI))putcd a s  [A’I’MOS 1W2] 1 ATMOS). (’onclations  o f
[( ’}(- 12] with [Nzo]  arc shown io Fig, lb. A1’MOS measures
[( ’1:[:- 12] will) a 10 accuracy of 9% and cslilnatcxl prccisions
~~f better  than 50/., Ill mean, good agrccmcllt  IS obtained in
[(’1(:-  12] bctwccn  the AI’MC)S  and RR-2, with diffcrcnccs
l:!!l~ing from +  50/. (-l 1~ pptv o f  [0(1-12]) a t  [hr20] ~ 170
pl)bv to -(IVO (-26 pptv of [(: F(:-12]) at [N20] = 280 ppbv

ligu,c Ic compales  obscl-vations  o f  [(’(1,4]  v s  [N20]
A 1 MOS mcasorcs  [(:(’ 14] with a 16 acculacy  of 20!4. and
cstil~~atcd prccisions of iwttcr than 10°/0, I’hc A1’MOS values of
1( ’(’14] arc 15% higher (20 pptv of [CC14]  at [N20] = 300 ppbv)
c(~lnparcd to tbc in sito data. A1’MOS rctricvcs  [( ’(Y14] using
l})C V3, VI-+V4 bandbcad  at 7 9 6  CIW1, w i t h  tcl~~pcl atorc-
(icpcndcnt  absorptiotl  cross-sections and band intensities
flo]n O r l a n d o  ct al. [ 1092]. I’bc cicviatirrl, of the AT’MOS
l]lcasolcmcnts  is consistcn( with the cslimalcd  unccltait]ty  in
the bandsllcngtll,  whose Icpot tcd valoc val ics considerably ill
IIIC l i t e r a t u r e  [Ilrown  CI a l . ,  1 9 9 6 ] .  F’igtllc ld shows
c(ltnpal isrms of [S1:6] with [N20]. ATMOS lncasurcs [SF6],  a
~(wci indicator of tllc il~C of sllatospbcric  ail owing to its long
pbotochcmical  Ii fetitnc and knows tropospbclic  growth rate,
ivitll a accmacy  of I 1 ‘Xl and cstimatcct 10 ptcclsions  c~f -1 OO/O.
‘[ IIC ATM(E  data atc on a,cragc  5% higher (f). 16 pptv of [S1’6]
al lN20] = 3(K) ppl)v) than the in silo observations,
dcl]]o)ls!tating CXCCIICI)(  agrcco)cnt OVCI a wide lallgc of [N20].

Inorganic Chlorine

‘1  tic coi!lcidcncc bctwccn A1’MOS  atld 1;1{-’2 mcasolcmcnts
II] NTov  1 9 9 4  provi(ics a test of out undcrstanditlg  of tbc
p:llt]liol)illg  o f  itlolpallic  chloline  ((;l Y) at ntidlalitude$.
A’1’hl(Hi lncasutcs [11(’1] an(i [C30N02], whirl} ~itc (IIC dominan(
fol ms of (lY in tl)c Ioivc] stlatospbcrc  fol :iit u n a f f e c t e d  by
po]al sllatosphetic cloods.  Instlomcn!s  aboald  tl)c I i i < - 2
OI)SCIVC  [11(;1] and [(;10], the Iattcr bci!~g the rcactivc  forjn of
(’lY t h a t  j>l~c>t(~cl]cl~~ic:illy  Tcmovcs ozrrnc. Altbrrugh AT’MOS
ohsctvcs  [11( ’1] and [( ’10 N()~] using diffclent  optical flltcrs
an[i tl)os nevcl in ll)c s a m e  rrccull ation, constitocnls  soch a!
03 and NZO mcasi][cd ill lnultiple filters provide a flamcwotk
foj combilliog obscl vations ftom nearby occultations.

h4casulc(i co]rclatiolls  of [11(:1] vs [N20] atc shown in Fig
2:i. A’1’MOS ohscwcs II I(I] in Filtet 3 with a Icr accolaey of S’YO

al]d estimated prccisions  of better than So/O at altitoclcs above
s() l~~bal, dcgraditlg to 1 SVO at 150 mbar. The Al .IAS (Aircraf(
l.ascl i n f r a r e d  A b s o r p t i o n  Spcctromctcr) diode. lascl
illstlomcnt  provides in situ observations of [I ICI] using
trans i t ions  iu tbc saloc spectral bancl used by A7’MOS
[Wcbstc] ct al,, 1996], For the Nov 1994 flights, Al .IAS rcpolts
[11( ’1] at 6 minulc intclvals  with a 10 precision of 0.07 ppbv
(e.g., S% at 1.S ppbv, 20% at 0.3S ppbv) aod an accoracy of

5°( lcil [}1(:]]  > ] pljbv,  tbc Al IAS obsctvaiiol]s  a]c I? ’H, 10WCI
(().2 ppl)v of [11(:1]) tbatl the 1[{-2 data, but tl)c mcasutclncnts
agycc within their combined ooccrtainlics,  For [1 ICI] < 1 pptw,
IIIC Al .IAS mixing ratios alc loiver by 40% (0.4 ppbv of [1 1(1]),
alt}lough the uppcl range of variability of tbc 1~.1{-? da ta
ovctlaps the ATh40S dat;  i. AI. IAS obscl vations of [11( ’1] tit a
given [N20] doriog Nov 1994 were -607. highc] thar] SCCII  b y
AI.IAS in May 1993, when NII mirf-latitocic [ll(:l]/[CIY] ratios
were observed to bc -0.4, compared to model calculations of
..0,7 [\t~cbstcr  CI al,, ]994]. ‘1’his cvcrlution o f  [IICI]IICIY]
saloplcd  by the 1;1<-2 appears correlated with decreasing
sulfate aerosol loaditlg [Webster et al,, in preparation].

‘1 he colt clations of [C30N02] vs [N20] rncasurcd by AI’MOS
iill[l in fclncd from liI{-2 lncasurcmcnts  arc shown in Fig. 2b.
A’] M(JS detects [C1ONO?] with a accuracy of ?O?40 and
cs(ill]atcd Icr prccisions  of lo-200 /0 . I’bc peak mixing latio of
(: ION02 cqoals 0.9 ppbv and occurs at -26 km altitodc ([N20]

I  ?[} ppbv),  lcadil]g  t o  a maximom  of --0. S for the
[( ’10N02]/[ll  Cl] ra t io .  Al\hcIogh in sito mcasul-c]))cnts o f
[(’10 h’02]  bavc never bccll obtained, [(10N02] can bc infcrlcd
flom ooon-time mcasut-cnlctl[s of [C IC)],  [NO], and [Ojj,  ositw
th[. steady-state expressions [Kawa ct al., 1992],

kclo,  ~{,1+ ~f [(:10] [N02][h4]
[( ’10N02] * (1)0011) = -

JC’ION[)2

( 1 )

kN(), ()3 [ ( + ] +  krw+m[~l[)l
[N02]*  = [NO]--–

J N~),
(2)

wl]ctc * denotes all infcrlcd quantity and [] in these equations
rcfcls  to concentration (mcasulcmcnts  of [N02] on the I~R-2
alc  ul)availablc  f o r  t h e  fllghts u n d e r  considcl  ation).
Pl, cltolysis rates for C:ION02° a])d N02 arc computed using. a
I:idiativc tl-ansfcr mode] constrained by planctaly  lcficctivity
f! 0111  II)C ‘1 rrtal Ozo]lc h~apl,illg Spccttolnctcl  ( ’ J  Oh4S) and
v~]ti(al  pro f]]cs o f  03 dclivcd  b y  colnbioing  ill situ
ollscl vations with total coll]mn mcasurcmcnts  ftoln ‘1 OMS
[Salawilc}l  ct al,, 1994]. A-l h40S mcasorcmcnts  atc obtained at
sLIr  Isct, W, IICIC  models indicate [( ’10N02] shoold fall midway
bctwccn  values  a t  nootl a n d  n i g h t .  Figore  211  s h o w s
[( ’10 N02]* (sonsco  infcrlcd for tbc 1’.1{-2, calculatc(i  from in
sito mcasurclncnts  of [(lo], [NO], anti [03] obtait]c(i w,it}lirl ~ 2
i), of locai tmon osing };cins. 1, 2 an(i [(iON02]* ( s u n s e t )  :

[( ’10 N02]*  (noon) -+ 0.5 [(’iO] (noon). ‘1’hc 10 ul,ccltaitlty  it,
[( IO N()?]* cstim:itcd flotrl the ptopagatioll  of clto]s  in t h e
kltlctic palamctcrs aa(i obscI-vcci  ( quan t i t i e s  i s  ~90% [Kawa cl
~,1 , 199>],  }:or [N20] < ?50 i@\,, lIIC A-i h40S l~~casu[clncllts  of
[C’10N02]  al]d vaiocs infctlui fton) t h e  ill situ (iata alc 0 0
avcl age within j 10°/0 (f 0.04 ppbv of [( ’I ON02]).  Systematic
(iisclcpat)cics  of -}45°/. ( 1( ) .06  ppbv  of  [( ’iohT02])  arc
cxhii)itcci at higbcr  vai Ncs of [NLO], wbclc  t h e  f a c t i o n a l
00CC1  taintics in [( ’I ON07] lncasulc(i by AI’hf OS bccomc Ialgc
due to ils (iccrcasing abundance.

l’igo!c 2C compares [(iY] vs [N20] ftom A-i h40S anti l(i<-2
d a t a .  “i’ilc AI’MOS values of [(:]Y] were conslt-oetcci b y
samrnillg [hc mcasmcd  [l ICI] an(i [( ’10 N02], avcragcci on a 10
p p b v  w i d e  gri(i clf [N20],  witil [(:10] calcoiateci for SOIISCI
osillg the assumptions for ‘hJo(ici C“ dcsctibc[i below. I’i)c liiL-
2 vaiocs of [C:lY] were cictclmiocd by avc]agiog  ami sommiog,
otl the saInc  [N20] gt i(i, mcasorcl~~cnts  of [li(~l], [ C 1 0 N 02] *
( n o o n ) ,  an(i [CiO] colicctc(i withio ~‘2 ilr of local noon  I’bc
contribution of [(:10] to [(l Y] is less than 50/o for ail cases
consi(icreci here, Observations [Y.ancicr et al., 1996] and



j)lIc)t(Jcl)cIIli cfIl simulations indicate that otbcr gases, such as
110( ’1, colltjibulc  negligibly to [(’lY] at tbesc  altitodcs.

}:igIJJ-C  2C lncluctcs at]otbci cs[ima[c of inorganic cblmitlc,
dcnolcd  bctc  as [C; lY]I , dctclmincd  by s u b t r a c t i n g  tc~tal
o r g a n i c  CIIIOI inc mcasurc(i  by ACATS and the Wbolc A it
SaI)~plcI do] il]g the  1992  lil<-2 c~mpaign f rom tbc  total
mganic  cblol inc load ing  in the tropospbcrc  [Woodbl-idgc cl
al., 1995]. I’bc [C3Y]T  relation showo here bas been inclcascd
by 6.7~o  relative to tbc published relation of Woodbridgc  c1
al, to accomt  for changes in sttatospbcric  cblorinc  bctwccn
1992 and Nov 1994 [Zandcr ct al., 1996]. AI’MOS [(lY] arc on
avcl-agc 0.2S  ppbv lower than lCVCIS  prcdictcd  from in sito
mcasolcmcnts  of ol-ganic somcc gases for [N 20] > 180 ppbv,
with bct[cr agyccmcnt at lower [N20]. lnfcrlcd  (:IY] flom the

\1{1<-2  :IIC 011 :lvCla~C  ().58  p p b v  ]OWC1 tba]) [[’ly] ~hc Slll:tl)CI

abundal)cc  of [C; ly] flrcml tbc in situ ]ncasorcmcnts of inolp,anic
cblrrrinc c o m p a r e d  t o  [C:lY] ftrrm A’1’MOS is duc  to lowct
valoes  of [11( ’1] that arc not  baliIllC’C’[1 by bigbcr [CIONOZ]*.
I’rajccto]y  calculations indicate (I)al :iit- parcels along tl)csc
1:1{-2 ffigl]ts bavc rcccntly  undclgo])c  Ialgc e x c u r s i o n s  it)

tcmpcrat~l!c (- 1 S K) and latitodc (-- 15“) [P. Newman, Ia ivatc
cc~ll~t~~llllicati(~tl, 1996]. 1 Iowcvcr, our model simulations show
tbc paltilionll)g  of [11(11]  and [(:10N02]  is insensitive to
cbaogcs i n  tclnpctatorc  and latiludc cxpcricnccd  along tbcw

h:ijcctorics, ptovidcd  precursor (i, c., (:IY, NOY, 1120,  03) lCVCIS
remain oncbanscd.  II is unlikely that tbc air samp]c(i by
A1’MOS  and tbc I;.R-2 could have Ifitgc diffcrcnccs  in [(’lY] fol
tbc salnc [N20], givco tllc similat  ity of soorcc gases displayed
in }:ig. 1. “1’bc cause of tbc disucpatlcy  bctwccn ATMOS and
1{.1{-2  mcasorcmct)ls of [11(H] remains unclear.

l)l]otocllcll]ica]  s i m u l a t i o n s  [Sal:iwitcb  ct al., 1994;
Micbclscll ct al., 1~~~]  a r c  LISCLi to test our undc]s tallding of”
partitiol)illg  of iaorganic  c h l o r i n e  g a s e s .  I’bc mo(icl is
crmsttaincd  10 match calcrrlatcd  [11( ’1] I [[ ’10N02]  to tl)c SOT!)
mcasu]cd by A“l’MOS. Two sets of kinetic paramctcti alv
COll  S]d  CIL’d.  tllc f i rs t  uses  Icaction  r a t e  c o n s t a n t s  and
pbotolytic  CIOSS sections flom tbc J1’1. 1994 compilation
[I) CMO]C CI al., 1994] and a O% II(:I yield from tbc rcactiol]
C1O 1011; [Ilc scconci (’Model (’ of Michclscn  ct al. [ 1996])
incolporatcs  several cbangcs  of wbicb tbc most significant
with respect 10 partitioning of [(: ION02]  and [I ICI] is an
assumed 70A, yield of 1 ICI from tbc reaction (;10 I 011. 1 be
sensitivity of mode] rcso]ts  to each kinetic paralnctet  is
discosscd ill hlicbclscn  C( al. [ 1996].

hlodcl  lcsults  for [11( ’1] and [( ’IONOZ] at local sonsct a)c
co Inpa Icd WI III A’I”MOS  otrsct vat ions ill Figs. 2a and ?b. Lot
[N20] > 2(N ppbv, both nmdcls predict simila, Icvcls of[11(’1]
and alc c~lllsislc]lt wi th  tbc  paltitiollillg  of [(:10 NT02]  and
[11( ’1] obsc, vcd by ArJ’h40S.  At Iowcr ICVCIS  of [N20],  the
model allowing fm production of 11(:1  from CIO I 011 rcsulls itt
better agtccmc]lt  with tbc AI’MOS  data. F’igurc 2d SI1OWS a
comparison of [(:10]  calculated subject to constraints
ilnposcd  by tbc Al MOS data, bot coil-cspotlding to mid-
aftcmoon solar conditions samp]cd by [tic }11{-2, whctc in situ
mcasorcmcnts  of [(:]()] arc obtaiacd with a ] 0 accuracy crf ] 5%0

[Stimpflc  ct al., 1994], Althoo@  botb mrrdcls ovcrcstimalc
[Clo]  fol [N20] <240 ppbv, data for [(:10] agree mo!-c clcrscly
with tbe mode] t}lat allows fcrr production c~f }1(:1  from
(:101011.

I’ltc dccadc-long  record of AI’MOS  observations of organic
and inorganic chlorine allows quantificatiol~  of clistl ibutions
and trends for gases tliat arc prccorsors  of OZOJ]C destroying

~adic.  als a!)d si~t]iflcant  cot~hibutols to gIL, cl IiIoosc wallllil)~
[Y.atldcl ct al., 1990].  A1’MOS  l~~cas,llcltlctlts p rovide  a  sclf-
cotlsistent  pictot-c of the organic and itlor~anic  ch lor ine
budgets and, togctbcr  with in sito data, provide valuable
collstrain[s  on our ondcrstanrfing  of CII1OI IIIC cbcnllstry  a n d
the effects of industrially derived cblolillc  coml)oonds on
07(1nc.
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ligate <:aptions

Figrrrc 1. Colrclalions  of  [ (1(- l  1] ,  [(l’G 12], [(X14],  and
[S}()] v s  [N2C)] mcas~lrcd by AI’MOS  al~d  itlsltul~]clits  abo:ird
tbc lil<-2 tsircrafl:  [N20] (A”l 1 AS), I.ocwcmtcin  ct a l  ;  [(:l;C:-
I t], [(’~{~-12],  [(!(’14], and [S} ’6] (A(~A’)  S-]\’), };~kllts ct a).
A’I’MOS error  bar-s  rcffcct e s t i m a t e d  p r e c i s i o n ;  s y s t e m a t i c

unccttaiatics arc discussed in the text,

Vigure  2. Corlclationsof[11(3], [(10N02]  or [C10N02]*, [CIY]
, [l ICI]-I [(:10N02]I  [(10], and [(:10] vs [N20] from AT’MOS
and 1:}<-2 measurements:  [N)()]  (A I’1.A S), l.ocwcnstcin et al,;
[II(I] (AI,IAS),  W e b s t e r  et al . ;  [CIO],  Stimpflc ct al. 1~1{-2
[( ’ION02]*  is infcrlcd  for sl]nsct f!om noontime [(’10], [NO]
(I;ahcy  ct al.), and [03] (1’Ic)flI{I CI al.). A1’MOS [(lY] inc ludes
c a l c u l a t e d  [(;10]. Al h40S  cr[or  b a r s  r e f l e c t  e s t i m a t e d

prcx-ision, cxccp[ for tbc third panel, w}lcrc AThlOS and }iI<-2
ct Ii>I bals rcprcscllt  the stat) (laid deviation of It)c cc)r!lponcnts
(lf [( ’lY], averaged OVCI  equ:illy spaced intctvals  of [N?()].
J}’1  .(M [l)chIorc  et al. ] and h40cici (~ [Micbclscn et al ] :issume
yields of O% and 7%, rcspcctivcly,  for }lCi frmll (’10 I 011.

Fixure  1. Gcrrlclatirms  of [(”FC-l l], [CP’(-I 2], [CX~ld], and [S}’6] vs [Njo] measured by A1’h40S  and instruments aboard IhC }{}<-2
ailct  aft: [N20] (AI’i. AS), l.ocwcnstc it) et al ; [( ’1:( ’-1 l], [(;  F~- 12], [(’(’l.l], ami [SF6]  (A CA” fS-f\T),  lilkins et al, A’] MOS rrlor  bars
reflect estimated prccisicm; systematic uncut aintics arc discussed in tbc text.

Figure 2. (~ollclations ilf [ii(’1], [(lONOj]  o] I(’10N02]’, [U ] [il( 1] I [C’10N02]-t[CIO], and [(’IO] vs [N20] f]cr]]l A-I MOS ald
141{-2 mcasurcmcnts:  [Njo] (All .AS), l.ocwcnstcin et al.; [11(I] (Al lAS),  Webster et al,; [(’10], Stimpflc et al. iii{-2 [C’ION02]*  is
~nfcllcd  for sunset flonl tlcmntime  [CIO], [NO] (I;al]cy  et al.), all(i [03 ] (1’roffltt et al.). A’1’h40S  [(lY] includes calculated [(110].
ATMOS crrot ban  rcffccf cs[imatcd pl-ecisicml cxcci~t for tbc third IMHCI, where ATMOS ami }{I{-? cnor bars rcprcscl]t li~c standard
[Icviaticrl) of tbc conli)oner]ts of [(:IY],  avctagcd over equally sjracc~i IIttcrvals of [N20]. JI’ICM [I)cMrrrc cl al. ] and L40dcl  (
[Micbclscn d al.] assuIllc yields of O% and 7%, ]cspcctivcly, fol 11(’i fi(,m (’tO I 011.

(’ilANG IWA1 : (’OMi’Ai{lSON  OF ATMOS  ANi) IX-2: }lAl,()(il.NA’l I l)(iASiiS

(’1 iANG lY1’ Al ..: 03M1’AlliSON  OF AIN40S ANi) 1;1{-2: IIA1.OGI;NA1  t.[) (; ASI;.S

{’l iANG };1” Ai ..: (’0h4i’A}<lSON OF ATMOS  ANI) 1,,1{-2: 1 iAI.O(il’.NA-i t(i) (; AS1;S
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